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Investigation of Fabrication of Nano-array TiO2 and 
Its Optical and Electronic Properties  
 
Abstract 
Titanium dioxide has been well known as an important semiconductor 
with photocatalytic activities, and applied wildly in many fields such as 
environmental purification, utilization of solar energy and electrochromic 
electrodes etc. In recent years there has been increasing interest in the 
synthesis and applications of one-dimensional nanostructure titania due to a 
broad range of enhanced mechanical, optical, magnetic and electronic 
properties. 
Accordingly, the main goal and motivation of this thesis is to develop a 
method to prepare high quality TiO2 nanoarray at large scale, to systemically 
characterize their structures and morphologies, and to investigate their optical, 
electronic, photocatalytic and electrochromic properties, and to explore their 
possible applications. The main results and progress are outlined as following: 
1. Electrochemically induced sol-gel method is used to prepare TiO2 
nanowire array in AAO templates with different diameters. The method 
includes a two-stage process: cathodic electrodeposition of titanium 
oxyhydroxide gel film from aqueous solution containing a Ti precursor 
and subsequent heat-treatment of this gel network results in the formation 
of titanium dioxide nanowire array. A possible formation mechanism is 
proposed based on the characterization of SEM, TEM, Cyclic 















(DTA). It is found that the sol particles and gel network initially form in 
the bottom of AAO pores, but not on the wall of AAO pores. So it is easy 
to control the length of TiO2 nanowires by controlling electrodeposition 
time. And it is also found that TiO2 nanowire array formed in the smaller 
diameter AAO is more condensed than that in the bigger diameter.  
2. The spectra of absorption and photoluminescence are employed to 
characterize the optical properties. It is found that no significant difference 
in absorption features for the different TiO2 nanowire arrays with different 
diameters of about 20nm, 35nm, 60nm, comparing with bulk anatase TiO2. 
It is indicated that there is no significant quantum size effect at least in the 
size ranged 2R>20nm for TiO2 nanowire arrays. And a possible 
photoluminescence mechanism is discussed as well. The broad 
photoluminescence bands are associated to the transitions X1b→ X2b/X1a, 
X1b→Γ3, Γ1b→X2b/X1a and the intragap energy levels identified with 
oxygen vacancies for these samples. The effect of deposition time on the 
intensities of photoluminescence is also investigated and it shows that the 
sample with 60min deposition time exhibited an intensity maximum. It is 
indicated that the concentration of oxygen vacancies on the surface area of 
TiO2 nanowire array changes with the interaction between AAO and TiO2, 
surface area and inner area of TiO2 nanowires. 
3. TiO2 nanowire arrays with 60nm diameter are used as photocatalysts for 
the decomposition of methylene blue in home-made measuring system. 
The nanowire array catalyst gives a rate constant of 0.02354 min-1, as 
opposed to a rate constant of 0.00811 and 0.01751 min-1 for the thin-film 















method, respectively. The enhancement in rate for the nanowire array 
catalyst is quite possibly due to the highly ordered nanostructure exposed 
to solution. 
4. An atomic force microscopy (AFM) technique is developed for mapping 
topographic image and measuring current-voltage characteristics of single 
vertical TiO2 nanowire. The I-V curve of individual TiO2 nanowire 
exhibits semiconductor characteristics. Application of a bias voltage 
resulting in a measurable current on TiO2 nanowire is much lower than 
that on the bulk. 
5. A novel method to fabricate large-scale TiO2/Au nanorod array using a 
sacrificial ZnO template has been developed. This method includes a 
two-step process, (1) preparation of ZnO/Au nanorod array by a simple 
low-temperature hydrothermal process, and (2) preparation of TiO2/Au 
nanorod array by electrochemically induced sol-gel process. It is indicated 
that the TiO2/Au nanorod array exhibits a reversible electrochromism in 
lithium-ion-containing organic electrolyte. The coloration and bleaching 
throughout a visible range can be switched on and off within a few 
seconds. 
 














































































（track etch membranes）模板，一种是多孔阳极氧化铝模板（porous anodic 
aluminum oxide）AAO。其它模板法还有碳纳米管模板、聚合物膜模板、
生命分子模板、多孔硅模板、介孔沸石模板和金属模板等[1-5]。 





















图 1.2.1制备径迹蚀刻膜及模板合成纳米功能材料步骤示意图(a)离子束刻蚀SSNTD(solid state 
nuclear track detectors)箔片; (b)扩孔,通孔; (c)电复制（金属基体作为阴极）; (d)化学溶解主体NTF
膜[78] ; (e)物理剥离[79]
Fig.1.2.1 Schematic diagram showing various steps of production of track etch membranes(here an 
NTF)and its use in the template synthesis of nano-array functional materials. (a)creating latent tracks 
with heavy, energetic ion beam; (b)chemically etched and amplified tracks producing NTF with 
see-through pores as templates; (c)filling with metals; (d)chemically dissolving the host NTF 
membrane; (e)mechanically peeling 
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